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To assess the value of intraoperative transesophageal echo-
cardiography during cardiac valve surgery, 154 consecutive
patients who had a valve operation in conjunction with pre·
and postcardiopulmonary bypass transesophageal imaging
were studied. Prebypass imaging yielded unsuspected find·
ings that either assisted or changed the planned operation
in 29 (19%) of the 154 patients. Imaging immediately after
bypass revealed unsatisfactory operative results that neces-
sitated immediate further surgery in 10 (6%) of the 154
patients. Postbypass left ventricular dysfunction, prompt·
ing administration of inotropic agents, was identified in 13
patients (8%). Transesophageal echocardiography proved
most useful when both two-dimensional and Doppler color
flow imaging were employed in patients undergoing a
mitral valve operation, where surgical decisions based on
echocardiographic results were made in 26 (41 %) of 64
cases.
Postbypass echocardiographic findings identified pa-
Intraoperative echocardiography has long been recognized
as a useful tool in patients undergoing cardiac operations (1),
although until recently, its use has been limited to selected
clinical and research applications. With the introduction of
the transesophageal approach for echocardiographic imag-
ing, the development of combined two-dimensional and
Doppler color flow capabilities and the growing willingness
of surgeons to undertake complex intracardiac operations,
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tients at risk for an adverse postoperative outcome. Of 123
patients whose postbypass valve function was judged to be
satisfactory, 18 (15%) had a major postoperative compli-
cation and 6 (5%) died, whereas of 7 patients with moder-
ate residual valve dysfunction, 6 (86%) bad a postoperative
complication and 3 (43%) died (p < 0.05 for both).
Likewise, of 131 patients with preserved postbypass left
ventricular function, 12 (9%) had a major complication
and 7 (5 %) died, whereas of 23 patients with reduced
ventricular function, 17 (73%) had a pdstoperative compli.
cation and 6 (26%) died (p < 0.05 for both).
These data indicate that intraoperative transesophageal
echocardiography is useful in formulating the surgical plan,
assessing immediate operative results and identifying pa·
tients with unsatisfactory results who are at increased risk
for postoperative complications.
(] Am Call CardioI1990;15:363-72)
interest in intraoperative echocardiography has increased.
Although anecdotal evidence of the utility of intraoperative
transesophageal echocardiography in selected patients is
available, the value of the technique in a large number of
patients undergoing a variety of operations has not been
established. Experience with this technique at our institution
since 1985 provided a unique opportunity to examine this
issue.
Methods
Study patients. From October 1985 to July 1988, 586
operations to correct cardiac valve dysfunction were per-
formed at Duke University Medical Center. Of these, 154
operations were performed in conjunction with complete
pre- and postcardiopulmonary bypass transesophageal echo-
cardiographic imaging, and they form the basis of this report.
Echocardiography. The first 51 studies were performed
with a Diasonics 3400R imaging unit and transesophageal
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probe with a 3.5 MHz transducer that permitted only two-
dimensional imaging. After the introduction of Doppler color
flow imaging into routine use in May 1987, the remaining 103
studies were performed with a Hewlett-Packard 77020CF
imaging unit fitted with a 5 MHz transducer.
After induction of general anesthesia and endotracheal
intubation, the echocardiographic probe was placed in the
esophagus, 30 to 45 cm from the teeth. Initial images were
obtained before skin incision. Subsequent images were ob-
tained during the operation as warranted and finally after
removal of the patient from cardiopulmonary bypass during
chest closure. Standard images in all patients included a
long-axis view of the left atrium, left ventricle and mitral and
aortic valves; a transgastric short-axis view of the left
ventricle at the papillary muscle level; a four chamber view
visualizing the two atrioventricular valves and all four car-
diac chambers; and an interatrial septal view. Other views
were obtained as warranted by clinical circumstances. Dopp-
ler color flow imaging was performed using enhanced and
variance maps, with an optimal Doppler signal obtained by
angulation of the transducer tip to interrogate blood flow in
multiple planes in all views.
Echocardiographic interpretation. Intraoperative inter-
pretations on which all intraoperative decisions were based
were rendered in real time during the operation by the
anesthesiologist performing the study. Consultation by a
senior cardiologist was available on request at all times. All
studies were recorded on high fidelity video tape and re-
viewed after surgery by both the anesthesiologist and the
cardiologist for final interpretations. Final interpretations
represented a consensus opinion of these physicians, both of
whom were unaware of the patients' clinical course after
transfer from the operating room.
Left ventricular function was evaluated by comparison of
short-axis images obtained before bypass with images ob-
tained at the conclusion of the operation. Decreased ventric-
ular function was defined as worsened segmental wall mo-
tion or a global decrease in contractility, as assessed by
previously established criteria (2). A new postbypass wall
motion abnormality confined only to the interventricular
septum was not considered abnormal because of the previ-
ously noted frequency and transient nature of this finding
and evidence that it represents abnormal translational mo-
tion of the heart rather than septal myocardial ischemia
(3-7).
Valve function was assessed by comparison of pre- and
final postbypass images. Before use of Doppler color flow
imaging, valve function was assessed by two-dimensional
visualization of cusp mobility and morphology, and in all
mitral valve operations by injection of agitated saline solu-
tion into the left ventricle and imaging of the left atrium for
regurgitant flow (8,9). Valve insufficiency was graded as
none, mild, moderate or severe on the basis of previous
criteria (10,11). A residual valve defect was defined as 1)
valve insufficiency of moderate degree or greater by either
saline contrast or color flow examination; 2) abnormal an-
terograde turbulence through a repaired or prosthetic valve
or in the aortic outflow tract; or 3) abnormal cusp mobility of
a repaired or prosthetic valve. A satisfactory surgical result
was defined as absence of these criteria. Mild residual
insufficiency was classified as a satisfactory result, given that
small postbypass valvular and perivalvular leaks are com-
monly detected by Doppler echocardiography and either
resolve or are of no significance (8,9,12-18).
Surgery. All operations involved either repair or replace-
ment of the mitral or aortic valve, or both. If patients had a
mitral valve procedure, this was categorized as their princi-
pal operation, with additional valve surgery or coronary
bypass grafting noted as a secondary procedure. If an aortic
valve procedure was performed without mitral valve sur-
gery, the principal operation was categorized as aortic.
Valves were replaced with commercially available ho-
mografts or mechanical prostheses. One aortic valve re-
placement involved an allograft transfer of a native pulmo-
nary valve to the aortic position. One aortic valve repair was
performed using high frequency ultrasound debridement.
The remaining aortic valve repairs involved primary aortic
valve and ascending aorta repair. Mitral valve repairs were
approached either transatrially or transventricularly (19) and
were performed by the method of either Carpentier (20) or
Kay et al. (21).
Data collection. Patient charts were reviewed without
knowledge of echocardiographic results. Baseline informa-
tion collected on all patients included age, gender and the
results of preoperative (within 6 weeks) cardiac catheteriza-
tion and chest echocardiography. The in-hospital postoper-
ative course was noted with specific attention to the compli-
cations of congestive heart failure, need for repeat valve
surgery and mortality.
Operative reports were reviewed for preoperative diag-
nosis, preoperative planned surgical procedure, postopera-
tive diagnosis and surgical procedure performed. The cause
of valve disease was determined by both clinical findings and
gross and microscopic examination of the affected valve.
If repeat cardiopulmonary bypass was required, factors
prompting repeat bypass, including hemodynamic and echo-
cardiographic results, were noted. The intraoperative anes-
thetic record was reviewed for hemodynamic data assessing
valve function and for the use of inotropic agents, vasopres-
sors, vasodilators and a mechanical ventricular assist device
and indications for their administration.
Definitions. Findings detected by prebypass echocardiog-
raphy and confirmed at surgery, but not identified by cardiac
catheterization, chest echocardiography or suspected on
clinical grounds, were recorded as unsuspected findings.
These were categorized as minor if they aided in but did not
significantly change the planned primary surgical procedure
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and major if they resulted in either new or additional
unplanned surgery.
Postoperative congestive heart failure was defined
strictly as 1) documented elevation in pulmonary capillary
wedge pressure> 18 mm Hg or cardiac index <2.2Iiters/min
per m2, or both, with 2) clinical and radiographic confirma-
tion of a diagnosis of congestive heart failure and 3) require-
ment of either ventilatory support, intravenous inotropic
agents, vasopressors, vasodilators or a mechanical ventric-
ular support device extending beyond the initial 24 h post-
operative period. Repeat valve surgery was defined as a
second operation during the initial hospitalization performed
for surgically confirmed valve dysfunction. Postoperative
death was defined as death occurring within 30 days of the
initial surgical procedure.
Statistical analysis. For continuous variables, groups
were compared using a two-tailed Student's t test for un-
paired samples. For categorical variables, groups were com-
pared by chi-square analysis. A p value <0.05 was consid-
ered significant.
Results
Patient baseline characteristics. Baseline clinical and sur-
gical data for the 154 patients, 92 undergoing a principal
mitral valve and 62 undergoing a principal aortic valve
operation, are indicated in Table l. The two groups were of
similar age, with more women than men having a mitral
operation and more men than women having an aortic
operation. Preoperative chest echocardiograms with Dopp-
ler examination had been performed in >50% of the patients,
and cardiac catheterization in >95%. Rheumatic disease,
prolapse of ischemic mitral dysfunction was responsible for
valve dysfunction in most mitral operations. The majority of
aortic operations were performed for calcific aortic valve
disease. Most mitral and aortic operations involved valve
replacement, although a substantial number of mitral valve
repairs were also included. Most operations involved a
single valve procedure. Multiple valve procedures were
performed in 20% of all mitral operations. The increase in
multiple valve procedures in those undergoing mitral valve
replacement reflects the classification scheme of grouping
patients initially into the aortic group only if no mitral
procedure was performed.
Prebypass utility. Prebypass transesophageal echocar-
diography detected findings unsuspected by other preopera-
tive tests or clinical examination in 29 (19%) of 154 patients;
Table 2 indicates the type of findings and how they affected
the planned operation. The most common unsuspected
finding that assisted the planned operation was identification
of ruptured or elongated mitral chordae, occurring in nine
cases and influencing the surgical decision to perform a
submitral repair in addition to the planned annular mitral
repair procedure. The most common finding of major signif-
Table 1. Baseline Characteristics of 154 Patients
Mitral' Aortic'
(n =92) (n =62)
Epidemiologic
Age (yr) 57.8 ± 13.7 59.4 ± 15.4
Gender (male/female) 28/64 46/16
Preoperative evaluation
Chest echocardiogram 49 (53) 31 (50)
Cardiac catheterization 87 (95) 60 (97)
Etiology of valve dysfunction
Coronary artery disease 15 (16) 0
Prolapse 17 (19) 0
Calcific/degenerative 0 33 (54)
Congenital bicuspid 0 10 (16)
Dissection 0 4 (6)
Subaortic 0 I (2)
Rheumatic 44 (48) 5 (8)
Endocarditis 4 (4) 6 (10)
Prosthetic dysfunction/infection 7 (8) 2 (2)
Miscellaneous 5 (5) I (2)
Principal operation performed
Valve replacement 57 (62) 54 (87)
Valve repair 24 (26) 7(11)
Commissurotomy II (12) 0
Myomectomy 0 I (2)
Type of procedure performed
Single valve procedure 59 (64) 48 (77)
Single valve + coronary bypass 14 (15) 13 (21)
Multiple valve procedure 18 (20) I (2)
Aortic 15 0
Tricuspid 3 0
Pulmonary 0 I
Multiple valve + coronary bypass I (I) 0
Aortic 0
'Mitral and aortic indicate valves subjected to principal operation. Values
for age represent mean ± I SD. Values in parentheses represent percent.
icance was detection of unsuspected valvular insufficiency,
which occurred in seven cases and resulted in unplanned
surgery of the affected valve. Examples of unsuspected
findings are shown in Figures I and 2.
Findings of both minor and major significance were
detected more frequently in mitral valve operations (23
[25%] of 92) than in aortic valve operations (6 [10%] of 62)
(p < 0.05). Furthermore, among the 103 patients having
Doppler color flow imaging, unsuspected findings were de-
tected in 23 (22%) versus 6 (12%) of 51 patients when only
two-dimensional imaging was available (p < 0.05). Preby-
pass echocardiography failed to detect only one lesion (a left
atrial thrombus) in this series. This failure resulted in no
adverse consequences, and the thrombus was removed on
direct inspection.
Postbypass utility. The utility of postbypass imaging to
assess operative results is summarized in Table 3. Initial
satisfactory operative results were noted in 138 (90%) of 154
patients. No patient having an aortic operation was consid-
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Table 2. Unsuspected Findings Detected by Prebypass Echocardiography
No. Preoperative Plan" Consequence of Findingt
Minor significance 15/154 (10%)
Mitral operations 13/92 (14%)
LA thrombus 3 Mitral surgery Removal of thrombus
Ruptured chordae 9 Annular repair Submitral repair
Vegetation on LV surface of valve I Mitral replacement Inspect valve LV surface and remove
vegetation
Aortic operations 2/62 (3%)
Perivalve abscess 2 Aortic replacement Aortic debridement
Major significance 14/154 (9%)
Mitral operations 10/92 (11%)
ASD 2 Mitral surgery ASD repair
Severe AR 2 Mitral surgery Aortic replacement
Severe MR 2 Coronary bypass Mitral repair
Severe MR I Commissurotomy Mitral replacement
Severe TR I Mitral surgery Tricuspid replacement
HOCM I Mitral repair Mitral replacement
Mitral vegetation and aortic abscess I Aortic replacement Mitral replacement and Bentall aortic
repair
Aortic operations 4/62 (6%)
Severe AR I Sonic debridement Aortic replacement
Absence of MR I Two valve operations Only aortic replacement
Ascending aortic dissection I Descending aorta repair Aortic root repair and aortic
replacement
Pericardial effusion Aortic dissection repair Emergent needle pericardiocentesis
"Operation planned before results of prebypass echocardiography were known. tHow operation was altered by findings of prebypass echocardiography. See
text for definitions of minor and major unsuspected findings. AR = aortic regurgitation; ASD = atrial septal defect; HOCM = hypertrophic obstructive
cardiomyopathy; LA = left atrium; LV = left ventricular; MR = mitral regurgitation; TR = tricuspid regurgitation.
ered to require further surgery after initial bypass and
confirmation of an adequate result by transesophageal echo-
cardiography. Repeat cardiopulmonary bypass and further
surgery were performed in 10 (11 %) of 92 patients having a
mitral operation. In all 10 patients, unsatisfactory initial
results were identified by postbypass echocardiography us-
ing either Doppler color flow imaging (n = 8) or saline
contrast (n = 2). In one case, further surgery was necessary
because of the development of subaortic obstruction after
mitral valve repair, recognized by systolic anterior move-
ment of the mitral valve and color flow turbulence with a
pulsed wave step-up in velocity in the left ventricular out-
flow tract (Fig. 3). In one case, an inadequate result of mitral
commissurotomy was detected echocardiographically by
absence of improvement in cusp mobility. In eight patients,
immediate repeat bypass and further surgery were necessary
because of severe residual mitral insufficiency. Although
elevated pulmonary capillary wedge pressure or left atrial
pressure with prominent V waves was noted in 6 of the 10
cases, normal hemodynamics were noted in 4 cases in which
a significant residual defect was identified echocardiograph-
icaIIy.
At the completion of surgery, 144 (94%) of the 154
patients were considered to have a satisfactory operative
result. In 9 (6%) of the 154 patients, persistent moderate
residual defect was noted after surgery and the risk offurther
surgery was judged to be prohibitive. Two of the nine had
residual valvular insufficiency of the aortic valve after aortic
valve replacement and seven had residual valvular insuffi-
ciency of the mitral valve after either mitral valve replace-
ment or repair. In one case, postbypass color flow imaging
was not of sufficient quality to allow comment on the
postoperative results. Only two-dimensional assessment of
valve function was made in the 23 aortic operations per-
formed before the use of Doppler color flow imaging. Thus,
in 24 (16%) of 154 cases, postbypass valve flow was not
assessed.
The overall utility of intraoperative transesophageal
echocardiography to guide intraoperative decisions is sum-
marized in Table 4. In addition to utility to detect unsus-
pected findings and before bypass to assess operative results
after bypass, transesophageal imaging was also useful to
evaluate postbypass left ventricular function. Echocardio-
graphic recognition of worsened left ventricular function
influenced the institution ofhemodynamic support in 13 (8%)
of 154 patients. For the entire series, 43 patients (28%) were
considered to have benefited from the use of intraoperative
echocardiography.
Postoperative outcome (Table 5). Departure from the op-
erating room with persistent left ventricular dysfunction or a
lACC Vol. 15, No.2
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residual valve defect identified by postbypass echocardiog-
raphy was related to the development of postoperative
complications and mortality. Overall, 23 (15%) of the 154
patients were noted to have persistent ventricular dysfunc-
tion after surgery. These patients had a higher incidence of
postoperative complications, severe congestive heart failure
and death than did patients with preserved postoperative left
ventricular function.
Likewise, patients with satisfactory valve function noted
after cardiopulmonary bypass had a lower overall compli-
cation rate, incidence of severe congestive heart failure,
need for repeat valve surgery and mortality than did patients
who were noted to have a moderate residual valve defect by
postbypass echocardiography. Surgical results in relation to
adequacy of valve function could not be assessed in the 23
patients undergoing an aortic procedure in whom no flow
assessment of the operation was performed or in the I
patient in whom the technical quality of images was insuffi-
cient to evaluate flow. Among this group, there also was an
increased incidence of repeat valve surgery for valve dys-
function, as well as an increase in mortality in comparison
with findings in patients noted to have satisfactory postop-
erative valve function.
The risk of postoperative complications and mortality
was lowest in patients with both adequate postbypass valve
function and preserved ventricular function. Conversely,
postoperative complications occurred in all three patients
who had both valvular and ventricular dysfunction after
surgery, with two of these patients not surviving to hospital
discharge.
Figure 1. Unsuspected findings aiding but not altering surgery
(minor). A, A thrombus on the free wall of the left atrium (LA)
(arrow) is identified in apatient with mitral stenosis (long-axis view).
The thrombus was removed at the time of mitral commissurotomy.
B, The mitral valve is open and shows elongated and redundant
chordae attached to the anterior mitral leaflet (arrow) (long-axis
view). This finding prompted both submitral chordal repair in
addition to placement of an annular ring. AO = aorta; LV = left
ventricle.
Discussion
Intraoperative echocardiography. In 1972, Johnson et al.
(1) first performed intraoperative epicardial M-mode echo-
cardiograms to assess postoperative valve function in pa-
tients undergoing a mitral valve operation. Since that time,
many centers (8,12,13,22-26) have reported intraoperative
epicardial imaging to be valuable in a variety of clinical
conditions. Advantages of epicardial over transesophageal
imaging include the ability to interrogate more scan planes,
obtain better images of structures in the anterior portion of
the heart and use the procedure in children, in whom the
current size of esophageal probes is prohibitive (24-26).
Thus, particularly for the intraoperative assessment of com-
plex congenital heart disease, epicardial imaging is espe-
cially well suited (24,25). For routine use in adult cardiac
surgery, however, transesophageal imaging provides distinct
advantages. Neither interruption of the operative procedure
nor intrusion of equipment into the operative field is neces-
sary. Furthermore, most cardiac operations in adults involve
the left ventricle and aortic and mitral valves, all of which
AFigure 2 (upper panels). Unsuspected findings altering the planned operation (major). A, Color flow
examination shows flow across the interatrial septum, proceeding from the left atrium (LA) to the right
atrium (RA), diagnostic of a secundum type atrial septal defect. This was repaired at the time of mitral
valve replacement. B, A pericardial effusion (PE) is seen to completely encircle the heart in a patient
with an acute aortic dissection (short-axis view). This prompted percutaneous needle pericardiocen-
tesis before chest incision because of declining hemodynamic status. LV = left ventricle; RV = right
ventricle.
Figure 3 (lower left panel). Postbypass outflow obstruction after mitral repair (long-axis view). Severe
mitral insufficiency after mitral valve repair persists with regurgitant filling of the left atrium (LA).
Additionally, turbulence in the left ventricular (LV) outflow tract (arrow) is noted, indicating the
development of dynamic left ventricular outflow obstruction after mitral valve repair. This finding
resulted in immediate revision of the operation to mitral valve replacement.
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Table 3. Postbypass Echocardiographic Assessment of
Operative Results
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Table 5. Postbypass Echocardiographic Findings Related to
Postoperative Course
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60 (97) Left ventricular
2 (5) function
0 Improved/no 131 (85) 12 (9) II (8) 4 (3) 7 (5)
0 change
0 Decreased 23 (15) 17 (73)t 15 (65)t 0 6 (26)t
Valvular function
Satisfactory 123 (80) 18 (15) 15 (12) 0 6 (5)
Moderate defect 7 (4) 6 (86)t 6 (86)t I (l4)t 3 (43)t
Not assessed 24 (16) 5 (21) 5 (21) 3 (B)t 4 (l6)t
Left ventricular and
valvular function
Both normal 81 (53) 6 (7) 4 (5) 0 3 (4)
Both abnormal 3 (2) 3 (lOO)t 3(100)1 0 2 (67)t
Initial postbypass results"
Satisfactory
Moderate residual defect
Severe residual defect
Unable to assess
Repeat bypass instituted
Factors prompting repeat bypass
Hemodynamics
Transesophageal echocardiography
Repeat postbypass results"
Satisfactory
Moderate residual defect
Severe residual defect
Unable to assess
Mitral
(n = 92)
78 (85)
5 (5)
8 (9)
I (I)
10 (11)
6 (60)
10 (100)
8 (80)
2 (20)
o
o
Aortic
(n = 62)
No.
Compli-
cations"
Congestive
Heart
Failure
Repeat
Valve
Surgery Death
Table 4. Overall Utility of Transesophageal Echocardiography
"Evaluation of all cardiac valves subjected to operation. Values in
parentheses represent percent. See text for definitions.
may be visualized quite well from the transesophageal ap-
proach.
Safety. No complications related to either probe place-
ment or imaging were encountered in this series. Experience
in >1,000 intraoperative and ambulatory procedures at this
institution, as well as that at other centers (27-29), affirms
the safety of transesophageal echocardiography when used
in skilled hands. In no case did transesophageal imaging
provide misleading or incorrect information that led to an
alteration in the planned operation.
Advantages of prebypass transesophageal echocardiog-
raphy. New information that either aided or changed the
operative procedure was detected in 29 (19%) of 154 cases.
Prebypass epicardial imaging in both valvular and congenital
heart operations in these adults has detected findings that
were unsuspected preoperatively and that altered the
planned operation in 12% to 18% of instances (24-26). The
ability to detect unsuspected findings is enhanced when
Doppler flow imaging is performed in addition to two-
dimensional imaging (24,25). Although there are many rea-
Prebypass
Modified planned surgery
Changed planned surgery
Postbypass (valve assessment)
Encouraged further surgery
Postbypass (ventricular assessment)
Prompted hemodynamic intervention
Total cases useful
Values in parentheses represent percent.
Mitral
(n = 92)
13 (14)
10 (II)
10 (II)
9 (10)
34 (37)
Aortic
(n = 62)
2(3)
4 (6)
o
4 (6)
9 (15)
"Number of patients experiencing postoperative complications of either
congestive heart failure, repeat valve surgery or death. See text for defini-
tions. Values in parentheses represent percent. tp < 0.05 for comparison of
normal versus either abnormal or not assessed for echocardiographic evalu-
ation of postbypass left ventricular function, valvular finction and both
ventricular and valvular function.
sons why prebypass transesophageal imaging detected find-
ings that were unsuspected before surgery, inadequate
preoperative evaluation does not appear to be among them.
Preoperative chest Doppler echocardiograms had been per-
formed in >50% of our patients and cardiac catheterization
in >95%. It appears more likely that the detection of
unsuspected findings is related to both the nature of the
disease entity and the limitations of chest echocardiography
and cardiac catheterization when compared with prebypass
transesophageal imaging.
Perhaps the most important advantage of prebypass
imaging is that it is performed immediately before the
planned operation. Conditions that can potentially change
with time are most likely to have new findings detected by
prebypass echocardiography, as was the case in two patients
with acute aortic dissection. In one case, prebypass imaging
identified retrograde progression of an acute aortic arch
dissection into the aortic root, necessitating unplanned aor-
tic root and valve procedures. In another case, a large
pericardial effusion resulting in cardiac tamponade had de-
veloped between the time of aortography and placement of
the transesophageal probe, which, when recognized, was
treated by immediate needle pericardiocentesis. Ischemic
mitral valve dysfunction is another condition that may be
very labile and subject to the influences of ongoing ischemia,
such that mitral competency assessed at the time of cardiac
catheterization may be quite different from that noted at the
time of surgery (30). In our series, significant mitral insuffi-
ciency not noted by preoperative cardiac catheterization was
detected by prebypass echocardiography at the time of
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coronary bypass grafting in two patients, leading to an
unplanned mitral valve repair. Conversely, in one patient,
mitral insufficiency noted at the time of catheterization was
not present at the time of surgery, thus avoiding a mitral
valve operation.
Limitations ofpreoperative evaluation techniques may be
another reason for detecting unsuspected findings. Chest
echocardiography can be limited by poor sound transmis-
sion, few acoustic windows and masking of the ultrasound
signal by prosthetic valves (31). The inability to place the
Doppler signal parallel to blood flow may impair the ability
to properly assess cardiac flows (32-35). Thus, chest echo-
cardiography may not always adequately assess important
structural information, such as submitral morphology and
intracardiac thrombi, nor reliably detect abnormal flows,
such as mitral insufficiency or atrial septal defect. Particu-
larly with regard to mitral valve repair, the assessment of
submitral morphology is especially important because inad-
equate attention to submitral repair has been cited (36) as a
reason for technical failure of this operation.
Cardiac catheterization may also be limited in its ability
to detect certain abnormalities. Structural information such
as submitral morphology is only available from echocardiog-
raphy. Furthermore, although coronary angiography, left
ventriculography and left ventricular hemodynamic data are
usually assessed during routine cardiac catheterization, un-
less specific abnormalities are clinically suspected, routine
aortography, oximetry, right ventriculography, right-sided
hemodynamics are not routinely performed. Consequently,
aortic and tricuspid insufficiency, atrial septal defect and
subaortic obstruction not detected by cardiac catheterization
may be identified by a well conducted prebypass transesoph-
ageal echocardiographic examination.
Although it can be argued that many of the findings
detected by prebypass imaging would have been found at
surgery, prebypass recognition of these findings is important
for several reasons. This information may save inspection
time, reduce bypass time and provide independent confir-
mation of structural information to the surgeon under phys-
iologic conditions before cardiac exposure. Furthermore,
information about cardiac flows provided by Doppler imag-
ing is unique and unavailable at the time of direct inspection.
Postbypass utility. The use of postbypass imaging to
assess surgical results appears to be most important in mitral
valve surgery. Data from previous studies as well as from
this series indicate that subaortic obstruction or residual
mitral insufficiency prompts repeat bypass and further oper-
ation in 10% to 15% of cases and, if left uncorrected, may
cause postoperative morbidity and mortality (25,26,36-38).
Fluid filling of the arrested ventricle, direct palpation of the
left atrium or hemodynamic assessment using pulmonary
capillary or left atrial pressure to assess mitral competency is
less than optimal because these procedures create nonphys-
iologic conditions, are cumbersome and time-consuming and
lack sensitivity when compared with intraoperative Doppler
color flow imaging (8,17,18). Notably, of the 10 patients in
this series requiring further surgery after initial cardiopulmo-
nary bypass, only 6 were identified by abnormal hemody-
namic data.
Prognostic significance of postbypass results. Further tes-
timony to the importance of postbypass assessment of valve
function is the finding of this and previous studies (36,38)
that patients with a residual valve defect of even moderate
degree are at risk for postoperative complications. Con-
versely, a satisfactory operative result identifies patients at
low risk for postoperative complications. Perhaps of even
more significance is the finding that patients in whom post-
bypass assessment of valve function was not performed also
had a higher rate of repeat valve surgery. Although many
factors, including those beyond the control of the surgeon,
may prevent achievement of satisfactory postbypass valve
function, such patients, when identified by postbypass im-
aging, should be recognized as those likely to have a
complicated postoperative course.
Postbypass left ventricular dysfunction occurs in 9% to
30% of patients (5,39-41). When present, it also identifies
patients at increased risk for postoperative congestive heart
failure and mortality. Recognition of left ventricular dys-
function by postbypass imaging should prompt aggressive
measures in management.
Other considerations and limitations. In addition to the
issues specifically addressed by this study, transesophageal
echocardiography was routinely used in all patients coming
off cardiopulmonary bypass to assess and assist in the
removal of intracardiac air (42). Also, because this study
included only patients having a cardiac valve operation, the
number of instances in which prebypass imaging resulted in
avoidance of surgery was not addressed. Perhaps most
important, and a factor that cannot be quantitated, is how
the knowledge that postbypass imaging had identified satis-
factory surgical results influenced postoperative clinical
decisions. Indeed, given these considerations, transesoph-
ageal echocardiography may have value in every patient
undergoing cardiac surgery.
Qualitative assessment of valvular and ventricular func-
tion is a limitation ofthis study. Its impact was minimized by
adherence to uniform criteria (2,10,11) for assessing both
valvular and ventricular function. Our 154 study patients
represent 26% of patients having a cardiac valve operation
during the study period. Patients were selected for trans-
esophageal imaging on the basis of an estimation of the
potential for development of ventricular dysfunction and the
anticipated complexity of the operation. It is therefore
possible that the patients having transesophageal imaging
may not be representative of all patients having cardiac
valve operations during this time period.
As with the development and implementation of all new
techniques, there is a period of time when experience by the
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operator must be acquired. The acquisition of technical and
interpretative skills was optimized by direct and frequent
contact of anesthesiologists with senior cardiology staff,
both in and out ofthe operating room. Furthermore, not only
must the cardiologist and anesthesiologist have confidence in
the results of transesophageal imaging, but given that intra-
operative decisions are made on the basis of these results, so
must the surgeon. To achieve this requires an atmosphere of
mutual cooperation in the operating room during use of this
technology, as well as an acquisition by surgeons of a
working knowledge of cardiac anatomy and flow as dis-
played echocardiographically. An important additional point
in this regard is that in some instances it may be impractical
or dangerous to continue the operation, even though the
echocardiogram indicates a residual defect. Under these
circumstances, the anesthesiologist and cardiologist will
need to defer to the surgeon's judgment. It is only with such
cooperative efforts that the technique can be used to maxi-
mal potential and ultimately to the benefit of the patient.
Conclusions. Intraoperative transesophageal echocar-
diography is a safe and useful tool in patients undergoing
cardiac valve operations. Imaging before cardiopulmonary
bypass is instituted assists in formulation of a surgical plan.
Postbypass imaging helps in the immediate evaluation of
surgical results and in the implementation of hemodynamic
support. The importance of the postbypass assessment of
operative results is supported by the finding that a persistent
residual valve defect or ventricular dysfunction identifies
patients at risk for major postoperative complications and
mortality. Intraoperative transesophageal echocardiography
should be encouraged in most adults undergoing a cardiac
valve operation.
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